In this paper, we propose a new time dependent model for solving total variation (TV) minimization problem in image denoising. The main idea is to apply a priori smoothness on the solution image. This is a constrained optimization type of numerical algorithm for removing noise from images. The constraints are imposed using Lagrange's multipliers and the solution is obtained using the gradient projection method. 1D and 2D numerical experimental results by explicit numerical schemes are discussed.
Introduction
In many image processing problems, a denoising step is required to remove noise or spurious details from corrupted images. The presence of noise in images is unavoidable. It may be introduced at the stage of image formation like image recording, image transmission, etc. These random distortions make it difficult to perform any required image analysis. For example, the feature oriented enhancement introduced in [1] is very effective in restoring blurry images, but it can be "frozen" by an oscillatory noise component. Even a small amount of noise is harmful when high accuracy is required, especially in case of medical images.
In practice, to estimate a true signal in noise, the most frequently used methods are based on the least squares criteria. This procedure is L 2 -norm dependent. L 2 -norm based regularization is known to remove high frequency components in denoised images and make them appear smooth.
Most of the classical image deblurring or denoising techniques, due to linear and global approach, are
Image restoration is a fundamental problem in both image processing and computer vision with numerous appiications. An image can be interpreted as a real function defined on f/, a bounded and open domain oim, (for simplicity we will assume e to be the square domain henceforth). Our problem is to restore an image which is conta,mina,ted with noise and blured in such a way that the process should recover the edges of the images. Formation of a blurred and noisy image is typically modeled as uo --Hlul + n, ( 1.1) where uo is the observed image, .F/ is the PSF (point spread function) and also known as blur kernel and n is additive noise. For all practical purposes, n is taken as Gaussian white noise, i.e. the values ni,i of' n at the pixels (e,j) are independent random variables, each with a Gaussian distribution of zero mean and varian". o2'. The blur operator H can be described by a FYedholm first kind integral operator Response to Reviewers: We have carefully gone through the comments of learned reviewers and incorporated / modified the manuscript as per their suggestions.
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Image restoration is a fundamental problem in both image processing and computer vision with numerous application. Given a blurry and noisy image u 0 : Ω→R,
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Image denoising is a fundamental problem in both image processing and computer vision with numerous applications. The total variation models [7, 19, 20] and anisotropic diffusion models [6, 18, 22, 23, 24] have been studied as a useful tool to the problem of image denoising and image reconstruction. These partial differential equation based image enhancement techniques have been able to achieve a good edge preservation. An image can be interpreted as a real function defined on CI, a bounded and open domain of IR2 (for simplicity we will assume Q to be the square domain hencefbrth). Formation of' a noisy image is typically pocleled as uo(r, y) : u(r, y) * n(r, y), where u(r,A) denote the desired clean image, uo(r,g) denote the pixel values of a noisy image for r,U € Q,CI is a bounded open subset of lR2 and, n(r,g) is additive white noise assumed to be ciose to Gaussian. The values n(i,,i) of n at the pixels (i, j) are independent random variables, each with a Gaussian distribution of zero mean and vari ance o2.
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Introduction
The nonlinear diffusion techniques and PDE-based variational models are very popular in image denoising and restoration. The nonlinear diffusion method for image denoising and edge detection was first introduced by Perona and Malik [13] . This method is based on a diffusion process governed by a partial differential equation (PDE), where diffusion amount depends on the gradient of images.
Mathematically, us : Q -+ R represents a noisy version of a true image, and it is obtained by the following imaging process uo(r) -u(r) t n(r), (1. 1) where u(r) denotes the desired clean image, uo(r) denotes the pixel values of a noisy image for r € 0, Q c IR2 is a bounded domain, usually a rectangle and n(") is additive white noise assumed to be close to Gaussian. The values n(i,, j) of n at the pixels (i., j) are independent random variables, each with a Gaussian distribution of zero mean and variance a2. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 
